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The downward trend in death rates in Britain between the second half of the nineteenth century and the mid-1930s, especially for deaths from infective disorders, is well known. It is now generally agreed that the decline was largely due to improvements in social and economic conditions, primarily in hygiene and nutrition, rather than medical care. Increased immunity or decreases in the virulence of micro-organisms may have played a part in a few infectious diseases, but it is considered unlikely that they were important factors in the general reduction in the death rate. ' If social and economic improvements were responsible for the fall in the general death rate the same factors should have produced a fall in maternal mortality. In fact the fall in maternal deaths should have been even steeper because of the additional factor of advances in obstetric care. Obstetrics differed from general medicine in this respect: measures were introduced between the late nineteenth century and the 1930s that were capable of reducing mortality. These included the techniques of antisepsis and asepsis, introduced in the 1870s and 1880s; caesarean section as a safe technique for certain obstetric emergencies after 1900; the Midwives Act of 1902;
and improvements in the teaching of obstetrics and the growing recognition of the importance of antenatal care in the 1920s and 1930s.
Paradoxically, maternal mortality refused to fall. Instead, it remained on a plateau from the 1850s to the mid-1930s. Arnold Lea of Manchester remarked in 1910: "In the five years 1851-5 the puerperal death rate from all causes [in England and Wales] was 4-9 per 1000 [births] , and in the five years ending 1906 it still amounted to 4-2 per thousand" and "we do no violence to the statistics if we put down the septic [puerperal fever] mortality in England and Wales at between 3000 and 5000 per annum." He believed that most septic deaths were preventable and would soon be prevented.2 But a quarter of a century later, in the five years ending in 1934, the maternal mortality was exactly the same, 4-2 per 1000 births.
The undiminished maternal mortality, which became a public and political scandal by the 1920s, was not confined to England and Wales. In Scotland maternal mortality actually increased between 1900 and 1930. 3 In the United States, too, maternal mortality remained more or less constant at one of the highest recorded levels in the world, although a large and rapidly growing proportion of deliveries after 1920 took place in hospital under the care of specialist obstetricians (table I) . [4] [5] [6] [7] Even in Denmark, Holland, and Scandinavia, where low maternal mortality was a constant reproach to the British and Americans, rates tended to stay level rather than to fall.5 8 Some of these aspects of the history of maternal mortality were discussed in two previous papers. Puerperal fever, erysipelas, and scarlet fever If maternal mortality is separated into its two main divisionsdeaths from puerperal fever and other maternal deaths grouped together as "accidents of childbirth"-little variation is seen in deaths from accidents from 1911 to 1934 and then the rate began to fall gradually (fig 1) . Deaths from puerperal fever, on the other hand, showed more variation, with peaks of high mortality in 1920, 1930, and 1934 and low mortality in 1913 and 1918. After 1934 deaths from puerperal fever fell so steeply that 78% of the total reduction in maternal mortality in England and Wales between 1934 and 1940 was due to the reduction in deaths from puerperal fever. Similar trends occurred in Scotland. 3 This sudden, steep, and sustained fall in deaths from puerperal fever after the long period of high mortality is one of the most remarkable events in the history of obstetric care. Puerperal fever was not only the cause of the appallingly high death rates in nineteenth century lying in hospitals, it was until recently the single most common cause of maternal deaths, accounting on average for about 40% of total maternal mortality. Most deaths were due to Wellcome Unit for the History of Medicine, University of Oxford, [45] [46] [47] Banbury Road, Oxford OX2 6PE IRVINE LOUDON, DM, research associate infection with the haemolytic streptococcus Lancefield group A, also known as Streptococcus pyogenes. 13 An investigation of 196 severe cases of puerperal fever in 1931 showed that 76% of high vaginal swabs, 87% of positive blood cultures, and 84% of cultures of pus grew S pyogenes. The domination of puerperal fever by this organism suggested that a comparison of secular changes in the death and notification rates of puerperal fever, erysipelas, and scarlet fever might be valuable. Table II and figure 2 show the remarkably close relation between mortality from erysipelas and puerperal fever and figure 3 the similar but less striking link between scarlet fever and puerperal fever. A similar association between the three diseases occurred in Scotland between 1911 and 1945, and This, rather than changes in standards of obstetric care or in the economic circumstances of the population, seems to have determined the mortality from puerperal fever. But why was there a closer association between death rates for erysipelas and puerperal fever than between rates for puerperal fever and scarlet fever? The probable explanation is that erysipelas and puerperal fever are essentially wound infections, while scarlet fever-a respiratory tract infection of children-has a different natural history. The simultaneous decline in deaths after 1934 from all three diseases is, as will be shown, particularly important. The existence of a close relation between puerperal fever and erysipelas had been recognised for a long time. It was important in the fierce debate from the 1780s to the 1880s concerning the contagiousness of puerperal fever. The central feature of the debate was the risk of a midwife or doctor carrying puerperal fever from one obstetric case to another. A second component, often overlooked by historians, was the possible connection between puerperal fever and other diseases. Erysipelas, typhus, and diphtheria (which was confused with scarlet fever until the mid-nineteenth century) were all candidates, but erysipelas held pride of place from the late eighteenth century. Alexander Gordon of Aberdeen in 1795 was the first to provide convincing evidence both of the contagiousness ofpuerperal fever and ofits close relation to erysipelas. 16 In the prebacteriology period there was no more important debate in the practice of obstetrics. Few deaths were as poignant as those from puerperal fever. Women dreaded the pain and danger of labour--itself. Having survived the ordeal of labour, it was the cruellest of tragedies to die only a few days later from puerperal fever. It was a family disaster for which the doctor or midwife was (I often blamed. Indeed, a series of such deaths could ruin the reputation of a practitioner. Most, whatever their private opinions about contagion, knew it was wise after attending a case ofpuerperal fever or erysipelas to change their clothes and wash thoroughly before attending the next patient in labour.'7 For instance, Dr Elkington of Birmingham invariably followed this rule, except for the one occasion when, just after attending a case of erysipelas, he was called urgently to a case of placenta praevia. He had no choice, he wrote, but to: "'turn and deliver' without loss of time." (Internal version and pulling down a leg to plug the placenta with the "half breech" was the standard and often successful treatment for placenta praevia.) "She was confined June 15th," he continued, +50%- least 7% of the apparently healthy population (and sometimes as many as 40%) were asymptomatic carriers ofS pyogenes. It was also shown that minor disorders such as "sore throats, sinus infections, so called colds, and influenza, impetigo, and small septic sores or burns" were a potent source of streptococcal infection. 39 In one investigation the Colebrooks found that in 48 cases of puerperal fever the source of infection was an attendant at the birth in 24 cases, a member of the patient's household in nine cases, the patient herself in six cases, and uncertain in nine. 39 The honest, if not reassuring, answer to the patient who asked: What is the cause ofpuerperal fever? was "Usually your doctor or midwife; sometimes yourself, your family, or friends." The likelihood that an exceptionally high carrier rate may have been an occupational hazard of general practice was never, as far as I can discover, put to the test.42 It follows that even if all practitioners were conscientious the strategies for preventing puerperal fever in the period between the two world wars were inadequate. Lack ofknowledge combined with the prevalence of the highly dangerous haemolytic streptococcus made the prevention of puerperal infection much more difficult than it is today. Nothing short of scrupulous asepsis at every labour (which was practised with conspicuous success in a few hospitals43) would have had a major impact on the death rate. This was recognised by the newly founded College of Obstetricians when in 1929 its maternal mortality subcommittee recommended masks and sterilised gowns and rubber gloves ("preferably reaching to the elbows") at every delivery.44 Such extreme measures were seldom practised even in well known hospitals and considered quite impractical for domiciliary midwifery.
Before we are too quick to condemn our predecessors for negligent practice we must remember the ubiquity of S pyogenes and consider the possibility that the undiminished mortality from puerperal fever was due to an increase in streptococcal virulence which overcame all attempts at better aseptic techniques. There is, after all, compelling historical evidence that the virulence, as opposed to the prevalence, of the haemolytic streptococcus varied widely in the past.45" There are well documented periods when scarlet fever was common but very mild, and others-1860-90, for example-when it was common but deadly. Erysipelas in the eighteenth and nineteenth centuries often appeared together with puerperal fever in epidemics that would sweep through a community like a minor plague and then subside.'679 By the beginning ofthis century compulsory notification ofsome infectious diseases (introduced in 1899) makes it possible, at least in theory, to identify changes in virulence by means of the case fatality rate (deaths as a percentage of notifications) when there was no treatment that affected the fatality rate (see table IV) .
Unfortunately, puerperal fever was defined for notification purposes by the imprecise term "puerperal sepsis" and undernotified on a large scale.32 It was not until 1926 that it was redefined as puerperal pyrexia-and fever occurring within 21 days of childbirth in which a temperature of 100-4°F (380C) or more was sustained or recurred during a period of 24 hours. 47 There was a delay in adopting the new definition so that the notification statistics of puerperal fever before 1930 are virtually useless. Data on erysipelas and scarlet fever provide an apparent contradiction. The fatality rate oferysipelas rose slightly from 1918 to 1935, suggesting an increase in virulence; but the rate for scarlet fever continued to decline as it had done since the late nineteenth century. Introducing active and passive immunisation against scarlet fever in the 1920s may conceivably have played some part in reducing mortality. 48 But, in general, the evidence suggests that variations in the prevalence rather than the virulence of streptococcal infections account for the peaks in mortality from puerperal fever in 1920, 1930, and 1934 . An abrupt and major decline in streptococcal virulence after 1934 has been suggested as one of the explanations for the fall in maternal mortality. Was it this, or the sulphonamides, or a combination of factors?
Sulphonamides and the fall in maternal mortality
Although the obvious explanation for the sudden fall in deaths from puerperal fever is the introduction ofthe sulphonamides, it has been disputed by several authors,4953 who have argued convincingly that the chronology is wrong because the fall in mortality began too soon. Domagk's work in Germany on Prontosil did not take place until 1935. By the time sulphonamides were generally available in Britain the decline in mortality was firmly established. The Medical Research Council trial of sulphonamides in puerperal fever, which took place at Queen Charlotte's Hospital in the first half of 1936, is believed to be the first time sulphonamides were used in Britain. The results of this trial were not published until December 1936, and the number of patients treated was, ofcourse, too small to affect the national statistics. 54 Other explanations for the fall in maternal mortality have included blood transfusion, the introduction of flying squads, improved socioeconomic conditions after the depression, better obstetric care in light ofnew knowledge, and an improved maternity service as a result of wartime measures. Undoubtedly all of these played a part, but they did so gradually and for the most part after 1940. There may have been a decline in streptococcal virulence, but none of the other factors can explain the early phase of the sudden and profound fall in deaths from puerperal fever. Neither can the introduction of the sulphonamides if 1935 is accepted as the year in which the tide was finally turned and a new and appreciable fall in maternal mortality began.
It can be shown, however, that the first notable year in the fall in mortality was 1937, not 1935. The death rates from puerperal fever were lower in 1913 and 1918 than in 1935 and 1936. Only for 1937, when deaths from puerperal fever reached a new low level, can it be said with confidence that a new factor or factors came into operation; and the same argument applies to deaths from erysipelas and scarlet fever, which also fell lower than ever before in 1937. In short " 1937 [was] the first year of sustained decline" in deaths from puerperal fever. 556
The importance ofexamining the death rate from puerperal fever in the context of streptococcal infections as a whole now becomes obvious. The pinpointing of 1937 as the start of the decline, and the concurrent fall not only in the total number of deaths but also in the fatality rate from puerperal fever, erysipelas, and scarlet fever, seem to narrow the choice of factors either to treatment with sulphonamides or to a sudden and unprecedented fall in streptococcal virulence. If the sulphonamides were responsible it is necessary to show that they were generally available and widely used in 1937 ulphonamides were therefore generally available, widely used, and known to be effective in the year in which deaths from puerperal fever, erysipelas, and scarlet fever reached the lowest level ever recorded. Hawkins and Lawrence in 1950 came to the cautious conclusion, endorsed by Taylor and Dauncey in 1954 , that the introduction of the sulphonamides was "one of the rare situations which endorse the identification ofan agency ofmajor importance as contributory to a statistical trend."5556 But the possibility of a simultaneous decline in streptococcal virulence should not be dismissed too readily. Although the evidence is largely anecdotal, experienced observers, including Colebrook, believed that the streptococcus became less dangerous after 1934 than formerly.50 5154
Nevertheless, the most likely hypothesis is, in this instance, the traditional explanation. The main factor responsible for the sustained fall in maternal mortality from 1937 to the early 1940s was the introduction of the sulphonamides. When, later on, penicillin, blood transfusion, better obstetric care, and so on played increasingly important parts in lowering maternal mortality they tended to eclipse the early but vital contribution of the sulphonamides. Whether the postwar decline in puerperal fever, scarlet fever, and erysipelas-and also in rheumatic fever and acute nephritis-was due to antibiotics or a decline in the prevalence and virulence of the streptococcus, and whether the use of antibiotics was responsible for changes in streptococcal prevalence and virulence, are questions of great interest which lie outside the scope of this paper. This paper is part of a study which will be published under the title "Obstetric care and maternal mortality in Britain and certain other countries: 40 /min, and blood pressure 100/70 mm Hg. Plasma glucose concentration was <1 mmol/l (normal 3 6-5-8), plasma phosphate concentration 1-34 mmol/l (normal 0-8-1-4), haemoglobin concentration 124 g/l, white cell count 15 4x I09/I, and platelet count 316x 109/1. He responded to intravenous dextrose, and a ward diet was instituted. After two days the plasma phosphate concentration fell to 0 45 mmol/l and after four days to 0-20 mmol/l. Haemoglobin concentration fell to 98 g/l, white cell count to 2-8 x 109/1, and platelet count to 41 x 109/1. Bone marrow was severely hypoplastic. No cause for the marrow suppression was found other than hypophosphataemia. Over two weeks of normal diet the plasma phosphate value rose to 0-64 mmol/l and full blood count returned to normal with a 5-7% reticulocytosis.
Three months later the patient relapsed and was readmitted weighing 27 kg. He was given a normal diet and gained 4 kg. After 10 days grand mal convulsions began, recurring over three days despite anticonvulsants. There were no focal neurological signs; conscious level remained depressed The plasma phosphate concentration should be monitored for several days in any patient being refed after a prolonged period of inadequate nutrition between convulsions. Plasma phosphate concentration was 0 07 mmol/l. Plasma glucose, calcium, and potassium concentrations and arterial oxygen tension were normal; plasma magnesium was 0-6 mmol/l (normal 0-7-1-3). Computed tomography showed some brain shrinkage only. Results of lumbar puncture were normal. An electroencephalogram was diffusely abnormal without epileptiform activity. Bone marrow was hypoplastic, haemoglobin concentration 84 g/l, white cell count 2 3 x 109/1, and platelet count 139x 109/l with no identifiable cause other than hypophosphataemia. After treatment with phenytoin and a ward diet the plasma phosphate concentration rose to 1 25 mmol/l and he recovered over 10 days. At follow up all haematological and biochemical analytes were normal.
Case 2
A 60 year old woman with longstanding alcohol dependency was admitted having collapsed. She lived alone and derived virtually all of her intake of energy from gin and wine. She was emaciated and jaundiced; pulse was 110/ min and blood pressure 140/70 mm Hg and the liver was palpable four fingerbreadths below the costal margin. She was rational, oriented, and had no neurological abnormalities. Bilirubin concentration was 86 ,tmol/l, alkaline phosphatase activity 255 IU/I, and y-glutamyltransferase activity 1504 IU/I. Sodium, potassium, and total carbon dioxide values were reduced at 131, 3-2, and 14-0 mmol/l respectively; glucose concentration was 6-1 mmol/l, and calcium 2 3 mmolIl. Plasma phosphate concentration was 0 30 mmol/l and magnesium 0-36 mmol/l. Liver biopsy showed cirrhosis, fatty change, and alcoholic hepatitis. She began a normal diet. Twenty four hours later the plasma phosphate concentration fell to 0 1 mmol/l, remaining so for 48 hours. She became progressively less well, with confusion, tachycardia, and widespread T wave inversion. She could not tolerate treatment by mouth and was given 100 mmol mixed phosphate solution (Polyfusor) intravenously over 48 hours by infusion pump, which raised the plasma phosphate concentration to normal (1-2 mmol/l). Plasma calcium and magnesium concentrations fell, necessitating separate infusions of calcium,
